ABSTRACT
INTRODUCTION
Changes in materials technology have allowed newly designed endodontic files to be continuously launched in the dental market. Researchers have been extremely productive with the aim of validating the files' performances and effectiveness for clinical practice. There are many different parameters to test the performance of the rotary systems; of these characteristics, shaping or centering ability, which are both considered as two of the most important characteristics that were studied in literature. 1, 2 Ideal root canal preparation shape calls for continuously tapered funnels with the smallest diameter at the apical part and the widest diameter at the canal orifice.
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Literature reports that root canal preparation techniques and/or instruments can induce canal transportation; this mechanical objective failure, in turn, can compromise the treatment outcome. Transportation may lead to inadequate elimination of infection, 4 persistent radicular lesions of endodontic origin, or creation of weak canal walls leading to perforations or vertical fractures.
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The apical external transportation is defined as 'the removal of canal wall structure on the outside curve in the apical half of the canal due to the tendency of files to restore themselves to their original linear shape during canal preparation'. 6 Literature indicates that nickeltitanium (NiTi) files are inclined to be more centered, are more efficient, and can achieve a more conservative canal shape than stainless steel files. 7 Although the centering ability of NiTi files is due to their design and materials characteristics of shape memory and super elasticity, apical transportation can still occur. 8 The search for a rotary system that creates less transportation and fully preserves the natural root canal system is still in progress.
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A few studies investigating the apical transportation in regard to ProTaper Next (PTN) instruments have been published, but none were testing the instruments' clinical viability after multiple uses. The aim of this paper is to test if the amount of root canal transportation changes upon re-using a file six times.
MATERIALS AND METhODS
A total of 36 root canals in clear resin blocks (DentsplyMaillefer Ballaigues, Switzerland) were used for this study. Each specimen had an angle of apical curvature of 60° and 16 mm canal length (Graph 1). The blocks were given numbers from one to thirty-six, and then assembled into six groups consisting of six blocks each. (Table 1) . Six kits of PTN file systems were also given numbers from one to six; each kit used to prepare the corresponding number of the block's group. For example, files 1 for group 1, files 2 for group 2, and so forth. Each file was used six times, one time in each block within each group. Blocks numbered 1, 2, 3, 4, 5, 6 were all prepared by new, first-time use files. Blocks numbered 7, 8, 9, 10, 11, 12 were prepared by files that been used once before (i.e. second-time used files). Blocks numbered 13, 14, and 15, 16, 17, 18 were prepared by three-time use files, and so forth (Table 1) .
Root Canal Instrumentation
Instrumentation was performed by a single operator. In all canals, working length (WL) was instrumented to the level of the apical foramen using #10 hand K-file (Dentsply Maillefer, Ballaigues, Switzerland) and glidepath was established using ProGlider (PG) (Dentsply Maillefer, Ballaigues, Switzerland). The canals then were instrumented by PTN files using crown-down technique, driven by the WaveOne Endodontic motor (Dentsply/ Maillefer, Ballaigues, Switzerland) in rotational motion. The rotational speed was set at the recommended rotation of 350 rpm with a torque of 2.5 N/cm. Preparation was performed using all three files in a gentle in-and-out motion until the full working length was reached. The instrumentation sequence was as follows: X1 file (size 17, 0.04 taper), followed by X2 file (size 26, 0.06 taper), and finally X3 (size 30, 0.07 taper). All canals were frequently irrigated with 99% ethyl alcohol using a 30-G side-vented needle and repeatedly recapitulated with K-file ISO 10 in order to keep the glide path patent.
Evaluation of Canal Preparation
In this study, all of the blocks were photographed before and after preparation using macroscopic magnifier (Leica Microsystems) with a total of 6× magnification with an image analysis program (Leica Application Suite © 2008 Leica Microsystems, Switzerland Ltd). All images were post-processed using Paint Shop Pro 9 from JascSoftware® (Minneapolis, MN, USA) to adjust the illumination and contrast. The functions used were Histogram Equalize and Brightness/Contrast in all images. However, in some cases it was necessary to use high-pass filtering. The preand post-instrumentation images were overlaid precisely using Adobe Photoshop Elements 10 (Adobe Systems Inc. San Jose, CA, USA). They were then transferred as one image to the SolidWorks program (SolidWorks 2014 × 64 Edition) and a drawing model was generated (Graph 2). The evaluation for possible canal transportation was performed at four positions along canal wall on both proximal sides of the simulated canal (outer and inner); those locations were selected to represent the apical, middle, and coronal levels. The measurement of 1 mm and 3 mm were used to demonstrate the apical level, 5 mm signified the middle level, and 7 mm indicated the coronal level. Transportation was determined by the amount of resin removed from both the inner (concave) and the outer (convex) portions of the canal at the selected measuring points. The value was assessed by subtracting the amount of resin removed at the outer wall from that removed at the inner wall. This was done according to the formulae below:
Transportation of the canal: Deviation toward outer side of the canal-deviation toward the inner side of the canal Transportation of the center: Outer-inner/2 Direction of transportation: Positive results means that transportation occurs mainly on the inner surface of the canal curvature and negative values indicate that transportation occurs mainly on the outer surface of the canal curvature.
STATISTICAL ANALySIS
Statistical package for the social science (SPSS) software version 22 was used, and multivariate statistical analysis general linear model (GLM) was applied. In multiple comparisons analysis, the Bonferroni correction for a global significance level of 5% was used.
RESULTS
During the root canal preparation, one file fractured. PTX1 number 6 was broken at the sixth time of attempted use while preparing block number 30. It was consistent that, in almost all blocks, the transportation occurred more toward the outer aspect at the 1 and 3 mm locations; but toward the inner aspect of the canal at the 5 and 7 mm locations ( Table 2) .
Statistical analysis of mean and standard deviation value for the canal transportation was summarized in (Table 3 ). The lowest total mean value of canal center displacement was seen at the 3 mm level (0.019 ± 0.017), whereas the highest total mean amount of canal displacement occurred at the middle 5 mm (0.055 ± 0.022) followed by the 7 mm level (0.036 ± 0.026). This was regardless of number of file used.
It was noted that, regardless of the number of uses, the PTN files produced a similar pattern of transportation; the inclination of transportations were more predominant in 'the middle level' of 5 mm (Graph 3).
The rejection of covariance homogeneity after application of Mauchly's test of sphericity (p < 0.0005) led to the consideration that the statistical GreenhouseGeisser correction should be applied. However, there were no statistically significant differences in transportation when the files' times of use were considered (F = 2.138; p = 0.089; observed power of 61.7%) ( Table 3 ). There were also no statistically significant differences in transportation when considering both location and times of use at the same time (F = 1.064; p = 0.404; observed power of 52.5%) ( Table 3) .
DISCUSSION
The purpose of this study was to evaluate the shaping ability of the PTN filing systems after repeated usage in simulated canals under firmly controlled laboratory conditions. The reliability of acrylic resin blocks as an experimental model for the analysis of root canal preparation and endodontic preparation techniques has been previously validated. 4, 9 Because clinical relevancies can be transmitted as result of their outcomes, 10 we are comfortable using this technique when studying endodontic procedures. An important methodological aspect that needs to be addressed in the present study is related to the software used. Solidworks software (three-dimensional computer-aided design software) had been used in previous endodontics studies. [11] [12] [13] [14] [15] It had been recognized that using this software is a descriptive advantage in analyzing the anatomical details of the endodontic space and in the assessment of the root canal filling. 15 Without sophisticated study software, it would be difficult to reliably analyze such minute difference. Software system was used to measure transportation in two-dimensional plans for the current study. The preservation of the root canal system's anatomy is one of the essential biologic and mechanical objectives during clinical root canal preparation. Although there are a few articles which have examined the ability of PTN to induce transportation, [16] [17] [18] [19] this is the first study assessing the effect of the repeated use of PTN on the quality of the canal preparation.
Within the study's limitation, the results have showed, that no statistically significant differences in the amount of transportation were induced by using the PTN filing systems six times (Table 3 and Graph 3) . Unquestionably, this study does not endorse NiTi file reuse from patient to patient. Single patient NiTi use is the world desired standard for two important reasons, namely cross contamination and concern for fracture due to increase wear and weakness. It is important to study the instruments in non-clinical re-use situations to determine their maximum capabilities and performances. The repeating in and out pecking type shaping with the same file in six canals could clinically match the situation of treating a molar tooth with three to six canals. Given the parameters of this study, it could be concluded that the PTN instruments can enlarge the six canals with almost no transportation change with repeated use. Checking the occurrence and location of shaping errors induced by files based on frequent use is essential to achieve a successful treatment approach. This is also important when generating recommendations regarding clinical practice, especially when treating multi-rooted teeth where files will be used more than one time. Based on the result of this study, PTN appears to have the ability to maintain the original canal curvature well with minimal transportation in both single and multiple canals.
It is important to note that the instruments do maintain their cutting efficiency throughout the experiment; transportation decreases were not due to decreases in blade cutting ability. Our study showed that the files were able to maintain their cutting efficiency even after 6 times, since they could remove the resin materials on both the inner and outer sides of the tested simulated canals. The lesser amount of transportation we observed was totally related to their unique design; however a microscopic study to the topographic surface changes is requested.
Bürklein et al and Kosa et al stated that, there are various factors that effect on transportation incidence, such as alloys used in manufacturing instruments and the instruments design (cross-section, taper, size, shape and tip). 20, 21 In the PTN file, the cross-sectional metal mass is an off-centered rectangular shape, is machined to reduce the binding between the file and the root canal walls, 20, 22 and generates the enlarged space for debris removal.
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This shape could be one reason that the PTN file remains more within the canal path and slightly shifted away from the center. Generally, thermomechanically processed NiTi files cause minor canal transportation; and those made of new alloys (CM-wire, M-wire) produce almost no transportation. 23 The PTN file is manufactured from M-wire alloy which is responsible for the file flexibility and cyclic fatigue resistance, while maintaining the cutting efficiency. 24 This may likewise justify the current results. Use of PG in our study to create a glide path could be also another reason for the minimal amount of transportation. Elnaghy et al stated that PTN files used with PG revealed a better performance and less transportation compared to PTN files alone. 19 This quality was supported by another study that suggests creating a glide path will reduce instrument deviation and lessen the amount of resulting canal transportation. 25 One study measured the effect of the repeated use of ProTaper Universal rotary instruments on the shaping ability in resin simulators, and found significant differences between the numbers of files used on the canal shape. This effect was explained as a result of reduction in cutting efficiency of the instrument due to a modification of the cutting edge. 26 This is nonparallel to our study; due to many different factors in the construction of the two instruments. For example, the instruments' tapering patterns, cross-sectional profiles, axis of rotations, and alterations in metallurgic processing are all different. The combination of these factors makes instrument comparisons difficult and inaccurate. Most previous research papers evaluated the transportation of the canal as an entire entity while this study examined the amount of transportation of the center of the root canal. The transported volume amount was calculated by dividing the value of the difference between the widths of resin removed from the measured locations of the aspect walls by two. However, despite the difference in methodology, as well as the fact that other studies have evaluated the entire canal transportation, the findings of our study are comparable to other studies that have evaluated the same files. [16] [17] [18] [19] For example, at the apical level of 3 mm, our result showed mean of transportation (0.019 ± 0.017) ( Wu et al demonstrated that more than 0.3 mm apical transportation will negatively affect the root canal system seal. 27 In the present study, all transportation values at apical positions were less than 0.3, in 1 mm = (0.030 ± 0.015) and in 3 mm = (0.019 ± 0.017) ( Table 3 and Graph 3). The direction of the transportation of PTN rotary NiTi instruments detected in this study was, in general, toward the outer aspect of the curve at the apex of the preparation, and toward the inner aspect of the canal curve at middle parts (Table 2) . There are many studies that confirm this tendency of rotary endodontic instruments.
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The reason is explained by the construction of the files. When the files are used to shape curved canals, the restoring forces of the metal in the files tend to return them to their original shape and when the files straighten toward the outer side of the curvature, they apply more pressure, removing more material, and cut more in this area. This same effect decreases their cutting more coronally along the inner wall.
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Despite the great advantages of rotary NiTi files vs stainless steel, they may undergo fracture as a result of torsional or flexural fatigue. 29 In the present study, only one NiTi rotary file was separated; this did not occur until the sixth use. This quite possibly occurred due to the resistance of the resin block material. This resistance may have resulted in an 'unwinding' of the instrument flutes, consequently producing a stress point and fracture of the files. 30, 31 Fracture leads to the assumption that breakage of a repeatedly used file may be avoided when the file is handled carefully, the pressure on the file reduced and by creation of a glide path during preparation. Accordingly, the torsional failure reduced, as well as the chance of file separation.
32
CONCLUSION
Under the conditions of this study, PTN files (Dentsply Maillefer, Ballaigues, Switzerland) respect the original canal curvature well and were safe to use repeatedly with few incidences of transportation. Clinical significance: ProTaper Next can be safely used in different canals 6× with little or no canal transportation while maintaining their cutting ability. It maintains the canal shape and showed little risk of separation.
